There are many variation of Gauss-Jordan Calculator. Students can use it to solve various types of linear equations. But all of them just straightly show the result. There is no such calculator which shows the step by step to get the result. Therefore, the students cannot understand how to do GaussJordan Elimination. One program that can be developed to make Gauss-Jordan calculator is matlab. This article examines matlab program which can help students to understand Gauss-Jordan Elimination methods. It tends to focus on the process to get solution. This program reveals with the step by step of operation in Gauss-Jordan to make reduced row-echelon form. Numbers of operations drawn in the solutions of linear simultaneous equations have also been showed. This paper has a propensity to appraise the performance of matlab program in solving linear equation problems with n variables while showing every steps of Gauss-Jordan Elimination. Further it has the potential to develop this program to be a calculator that can be access without opening matlab. 
Introduction
In science and engineering, system of linear equations arises in various theoretical research and applications. Gauss-Jordan Elimination is well known technique to determine a common solution in linear algebra. This method asked the Linear Equation System to be Matrices. Then is will solve by making the matrix into reduced row-echelon form. The way to change the matrix into the reduced row-echelon form is not easy. We have to try several operation possibilities. Although solving linear equation system using Gauss-Jordan Methods is not easy, but this method allowed us to solve equation system for n variables. Therefore, Gauss-Jordan method is very important to be learned.
In the school, when solving systems of equations by using matrices, many teachers present a Gauss-Jordan elimination approach to row reducing matrices that can involve painfully tedious operations with fractions (Smith and Powell, 2011) as well as in the Campus. In Sekolah Tinggi Teknologi Adisujipto (STTA) majoring Aeronautica Engineering, Linear Equation System is taught in Engineering Mathematic II of the second semester of 2016-2017 which related to Matrix. Based on the students' result in Final Test (2016 Test ( -2017 , many students did operations that do not lead to reduces row-echelon form and error while counting the operation to solve the Linear Equation system by Gauss-Jordan Method. They need tools to know what kind of operations need to get reduced row-echelon form and why it is so.
Gauss-Jordan calculator is one of the solutions to solve system of linear equation. Various type of this calculator will easily found in internet. But all of them just show the final result of common solution of linear equation systems. This calculator could be useful for application but not for learning. Students tend to use this calculator to solve linear equation systems. But when they asked to show how the steps to get the solution, they get confused. Therefore, for students in learning process Gauss-Jordan calculator is not really helpful.
This kind of calculator is developed by various computer languages programs. One of them is Matlab. Matlab (Matrix Laboratory) is a tool for numerical computation and visualization. The basic data element is a matrix, so this program could manipulates arraybased data fast and correct. For engineering students, matlab is also familiar.
This study will make a program using Matlab to solve linear equation system by GaussJordan Elimination. The program could show the steps to find the reduced row-echelon form in order to help students understand how to find the suitable operation. Next, the program will be showed to the students to get their opinion.
This program is very helpful for students to know what kind of operations should do to make the reduced row-echelon form. The students were very interested to this program. They thought it was awesome since this program is very dynamic. It can be used for any type of square matrix with any element of it. The most important things from this program is showing the steps of operation to get reduced row-echelon form.
Background Theory

System of Linear Equation
Systems of linear equations play an important and motivating role in the subject of linear algebra. In fact, many problems in linear algebra reduce to finding the solution of a system of linear equations. The system (1.2) is called m X n (read: m by n) system. It is called a square system if m -n, that is, if the number m of equations is equal to the number n of unknowns. The system (1.2) is said to be homogenous if all the constant terms are zero, that is, if bl -0, b2 -0,..., bm -0. Otherwise the system is said to be nonhomogeneous. A solution (or a particular solution) of the system (1.2) is a list of values for the unknowns or, equivalently, a vector u in Kn, which is a solution of each of the equations in the system. The set of all solutions of the system is called the solution set of the general solution of the system.
Gauss-Jordan Elimination
There are many ways to find the solution system of linear equation. Gauss-Jordan elimination is the common way used by students when the system of equations transformed into matrices (Smith and Powell, 2011) . Gauss -Jordan method is a variation of the Gaussian elimination. In 1887, Wilhelm Jordan described while Gaussian elimination places zeros beneath each pivot in the matrix starting with the top row and working downwards, Gauss Jordan elimination method goes a step advance by placing zeroes above and below each pivot. It is named after Carl Friedrich Gauss and Wilhelm Jordan because it is a variation of Gaussian elimination.
Every matrix has a reduced row stratum form and Gauss -Jordan elimination is assured to find it. The method of solving a linear system by Gauss-Jordan elimination is called an algorithm. An algorithm can be defined as "a finite procedure, written in fixed symbolic vocabulary, governed by precise instructions.
Gauss-Jordan elimination is well suited for solving linear systems on a computer, at least in principle. In practice, however, some tricky problems associated with round off errors can occur. There are some analysts found that proliferation of round off errors can be reduced by modifying Gauss-Jordan elimination, developing more sophisticated reduction techniques. In modifying Gauss-Jordan elimination, we transform a matrix A into a matrix B by sequence of elementary row operations, which is in reduced row-echelon form.
The reduced row-echelon form can be thought of as trying to capture the idea of a triangular system where some equations are missing. It further restricts attention to particularly nice triangular forms that cannot be made to look nicer. A matrix is said to be in reduced row-echelon form if it satisfies the following conditions: 1) For every row, the left-most nonzero entry, if any, is a 1. We will call this the pivotal entry for the row and the column where this appears the pivotal column. It is possible for a row to be all zeros.
2) The pivotal column for a later (lower) row is a later (more to the right) column, if it exists. If a given row is all zeros, all later rows are also all zeros. 3) Any column containing a pivotal 1 must have all other entries in it equal to 0. This has two subparts: a) All entries in the column below the pivotal 1 are equal to 0 (note that this is redundant if we assume both 1 and 2).
b) All entries in the column above the pivotal 1 are equal to 0. Of the above, 3(b), while part of the definition of reduced row-echelon form, is not necessary for the system to be triangular.
Converting a system into reduced row-echelon form, we must do elementary row operations. 1) Multiply or divide a row by a nonzero scalar. 2) Add or subtract a multiple of a row to another row. 3) Swap two rows.
The end goal of Gauss Jordan Elimination is to convert the system to reduced rowechelon form. The permissible moves are the above three types of reversible operations. The computer program can use to figure out a general procedure that, starting with any system, can identify the appropriate sequence of permissible moves to reach our end goal. The choice of moves will obviously depend on the system we start with. If we want to make the process as algorithmically straightforward as possible, we ultimately do not have to think much about it. The operations that performed are done on the augmented matrix, but they are controlled by the coefficient matrix, in the sense that our decision of what operation to do at each stage is completely governed by the coefficient matrix. It does not ever actually need to look at the right-most column in the decision process for the operation.
Matlab
The computer program that can use to figure out algorithmic of Gauss Jordan Elimination is Matlab. MATLAB or Matrix Laboratory is a tool for numerical computation and visualization. The basic data element of this program is a matrix. It can manipulate arraybased data and it is generally fast to write and run in Matlab program. Since Gauss-Jordan elimination used matrix to solve system of linear equation, so Matlab is suitable to be used. Matlab has several advantages over other methods or language which is its basic data element is the matrix. A simple integer is considered a matrix of one row and one column. Several mathematical operations that work on arrays or matrices are built-in to the Matlab environment. For example, cross-products, dot-products, determinants, inverse matrices. Actually, Matlab's functionality can be greatly expanded by the addition of toolboxes. Ex: Excel link allows data to be written in a format recognized by Excel, Statistics Toolbox allows more specialized statistical manipulation of data (Anova, Basic Fits, etc). But in this study, the program has not expanded to other toolboxes. Therefore, it is just can be used by opening matlab.
Based on students interviewed after final Engineering Mathematics II test about system of linear equation, many of them said that the way to choose operation which suitable to change augmented matrix into reduced row-echelon form is the most difficult parts. The rest said that the counting operation that involved fraction made it difficult. Therefore, this study promotes a dynamic syntax of matlab which can show the process of Gauss -Jordan Elimination for the students. In this program, students can input any number element of matrix to the program. They also can choose the form of square matrix. All the consideration led us to the following research question: "How Matlab program could help students to understand Linear Equation System using Gauss-Jordan Method?"
Research Method
Computer program Matlab to solve the system of linear equations involving its elementary row operations with the help of Gauss-Jordan elimination has been developed and is given below- Table 1 The Algorithm of Matlab Program to solve Gauss-Jordan Elimination clear all; clc; disp('METODE GAUSS'); n = input('Masukkan besar matrik : '); fprintf('MATRIK A dengan ukuran %d x %d',n,n); disp(' '); for i=1:n for j=1:n fprintf('A(%d,%d)', i,j); A(i,j) = input(' = '); end end fprintf('MATRIK B dengan ukuran %d x 1\n',n); 
disp ('SPL tidak memiliki penyelesaian tunggal') else for i=n:-1:2 for j=i-1:
Linear simultaneous equations which can be solved by this program must form square matrix and have determinant. For example these following linear equation system Table 2 The System Linear Equation Problems
Question 1 Question 2 Solving the Linear Equation System below 3 y -3 z = 0 x + 4 y + 2z = 5 3x + 6 y + z = 7
Solving the Linear Equation System below x + 2 y -3 z = 0 2x + 4y -2z = 2 3x + 6y -4z = 3
This program will be showed to the students of Computer Engineering who take Linear Algebra subject of third semester in 2017-2018 which also will learn the Gauss Jordan elimination. This study conducted an interview with 3 of them which represented from the high, middle and low score of their test. The score used is from Matrix test score in the seventh meeting.
The qualitative research technique which used in this study except making computer program is in-depth interviews. In-depth interviews can be defined as conducting intensive individual interviews with a small number of respondents to explore their perspectives on a particular idea, program or situation (Boyce and Neale, 2006) . This study used semi structured interviews whereas the interviewer prepares a set of same questions to be answered by all interviewees, however, additional questions might be asked during interviews to clarify and/or further expand certain issues. The interview in this study was conducted after the students of Linear Algebra learn about Gauss Jordan Elimination traditionally and matlab program.
Result
Linear simultaneous equations given in Table 1 (The System Linear Equation Problems) have been solved with the help of Matlab program and the result is illustrated below Figure 1 The figure above shows how we can input the form of square matrix in the matlab. It can just be used for n x n matrix. After we input the element of matrix, the program will do elementary row operations to get the reduced-row echelon. It is also showed each elementary row operations that used in the calculation. So, students can learn what kind of elementary row operation used and why it is so. To be used in teaching -learning process, students can be asked to analyze what the change and why it must be changed. Three students were interviewed individually to see what they have understood from the Gauss Jordan elimination using matlab.
Here is the transcript of the high score student about the question number 1 (see From the interview with the high score, she can easily catch the reason of the elementary row operation to get the gauss-jordan methods. She thought that it was really helpful to understand the way to do Gauss Jordan method and also to exercise. She think to use this matlab program to check her answer when doing elementary row operation due to she often get stuck when finding what kind of row operation needs to make the matrix become reduced echelon-row.
Meanwhile, the second interviewee, the middle score, gave different finding. He could understand the way and the reason of each step in the Gauss-Jordan methods. But he still does not confident to use his own way to get the elementary row-operation. He tent to use the same way (the same row-operation) when solving new problem, but when it was does not work he need long time to get the right one.
Furthermore, the last interviewee, the low score, said that it was wonderful to have this kind of program. For him, this program has changed their opinion about Gauss-Jordan method. He thought that if the computer could do such thing, he as a human, should be cleverer. But he still had to be guided to know the reason of some row-operation. Also, he still does not confidence to make his own row operation when doing other question. Therefore, he always asked whether his row operation was correct or not. But when he was asked to refer to the previous method that showed in the matlab program, slow but sure he could choose his own row-operation to solve the problem.
To conclude, the matlab program that used in this study was felt helpful by the student as a guidance to solve system of linear equation with Gauss-Jordan method. They said that they can use it as a replacement of teacher at home. But the problem is students have to install Matlab in their computer/laptop.
